In searching for rules that might allow identification and localization of distinct motifs within large sequence chains of DNA or proteins, similar to language orthography which enables the efficient sounding of letters when reading in English, we analyzed the "orthography"
Introduction
We were wondering whether "orthography rules" are hidden in arrays of DNA sequences enabling their correct "reading" by enzymes, similar to orthography rules that are hidden in arrays of English text, which ensure the correct sounding of printed words when reading (Chesnokov and Luelsdorff 1991; Chesnokov 1994, 1996) . To explore the issue, we conducted a study of "orthography rules" that bind or integrate any TATAAA motif into its adjacent DNA sequence. We employed the computational algorithms of determinacy analysis, which is the mathematical theory of rules that are hidden in observational data or text arrays in alphabetic orthographies (Chesnokov 1982 (Chesnokov , 1987 (Chesnokov , 1990 . The criteria underlying the idea of orthography rules for any TATAAA motif were previously applied to study protein orthography (Chesnokov and Reznik 2002, unpublished) .
There were three reasons to choose TATAAA motifs.
1) The TATAAA site is the classical Goldberg-Hogness TATA box.
2) The transcription of 10 to 15 % of all mammalian genes are initiated at TATA boxes, located 25 to 35 bp upstream of the transcriptional start site (Lifton et al 1978; Woychik and Hampsey 2002; Cooper et al 2006; JuvenGershon and Kadonaga 2010) .
3) The TATAAA motif is the recognition site for the TATA binding protein (TBP), which is part of the general transcription factor protein complex.
After TBP recognizes and binds to the TATAAA, the general transcription factors (GTF) assemble at promoter utilized by RNA polymerase II, and then the transcription can start.
Our considerations were the following. It is well known that there are many more TATAAA motifs in the genome sequence than transcribed genes. Alone the DNA sequence of the human chromosome 1, ftp://ftp.ensembl.org/pub/release-57/fasta/homo_sapiens/dna/, contains 151656 TATAAA motives. It is much more than the approximated maximal number of genes in the total human genome.
Hence the question arises as to how the GTF recognize the "true" TATAAA box, distinguishing it from many other TATAAA motifs? Examination of the DNA as a simple text sequence only did not permit an answer to this question.
However, by applying method described in this work, we were able to identify combinations of bases located in the close proximity to TATAAA motifs that can serve as potential landmarks (reference points) for GTF, allowing them to choose exactly the "true" TATAAA box. We termed them irreducible genetic markers or IG-markers. Whether GTF really use IG-markers as the landmarks, it requires separate experimental verification.
Methods

What is an IG-marker?
Any IG-marker for a TATAAA motif group, if it exists in investigated DNA fragments, is defined by the following characteristics, which should be valid in these DNA fragments:
 An IG-marker for a TATAAA motif group provides recognition for the DNA position of every TATAAA motif of that group, and does it with the probability equals 1.
 All bases of an IG-marker are essential (irreducible). No base can be removed
from an IG-marker, hence the "Irreducible" in the term "IG-marker".
From the standpoint of determinacy analysis, the mathematical meaning of these characteristics is given by equation (7) (see below precise definition of an IG-marker) and this is the basis for the calculation algorithm applied here for detection and analysis of IG-markers. In more details, suppose B is the TATAAA motif with its particular position in DNA sequence when set of bases A is the IGmarker for B, and A' is the complement of any base A  X in the set A. In terms of DNA orthography, the IG-marker A is the argument of the orthography rule "If A, then B", when this is true with conditional probability P(B|A) = 1, such that P(B|A') < 1. Now, if we rewrite B, A, and A' in these two restrictions, taking in account some other details, we obtain IG-marker equation (7) (see below).
There are some additional points to be considered. From the molecular genetics point of view, IG-markers are the partial case of ordinal genetic markers.
Regarding the theoretical linguistics for alphabetic languages, IG-markers are sets of binders that provide the governing and binding of functional sites in arrays of DNA text. In alphabetic orthographies, the idea of government by means of binders was proposed by Chomsky (1981) .
DNA fragments studied in this work contain 128 TATAAA motifs. For every individual TATAAA motif, the 12 bp long sequence downstream of the TATAAA 4 motif (5'→3' direction) was analyzed. Many of the general transcription factors are concentrated in this area, as TATAAA motif is the transcriptional start TATA box. The primary task of this work, however, was to resolve the phenomenon of IG-markers for TATAA motifs in general. Therefore we studied here all IGmarkers in this 12 bp sequence that bind the TATAAA motif to its particular sequence, irrespective of whether this TATAA motif is localized in promoter regions or not. The sequence length of 12-bases was recognized to be sufficient to resolve the phenomenon still occupying a rational computational time. Whether IG-markers might be used as landmarks for GTF to define the "true" TATA box is certainly an issue for future studies of DNA orthography.
Data Base (DB1)
We used the DNA sequence of human chromosome 1 The analyzed database (DB1) consist of the 5 (of 38) shortest contig regions.
In DNA sequence of human chromosome 1 their ordinal numbers are 2, 7, 21, 24
and 27 (in the 5'3' orientation). Total length of DB1 DNA sequence is 312874
bp. The total number of TATAAA motifs is 128 (for details see Table 1 ). 
Here in the top row, )
is the conditional probability of event B = ( 
(see below (13) and explanation to it).
IG-marker equation
The (7) is called the IG-marker equation. For every w G z  the equality in the top row of (7) means the rule (9) is true with the probability 1:
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The second row in (7) contains the strict inequalities for r differences
We use the )
value as the measure of essentiality (irreplaceability) of the
nonessential (replaceable, reducible). Thus the strict inequalities in (7) require every base of an IG-marker must be essential (irreplaceable, irreducible):
Without inequalities (11) the equation (7) defines an ordinary G-marker (genetic marker) for the TATAAA motif group v  .
Some general properties of IG-markers
The following properties of IG-markers for a TATAAA motif group v  can be derived from the equation (7): 1) Any IG-marker is a special case of ordinary G-markers. IG-markers cannot contain unessential (reducible) bases (see (10) and (11)), whereas an ordinary G-markers might have such bases.
2) Denote by G * -marker any ordinary G-marker that is not an IG-marker. If (1), (2)): 
From IG-marker definition (see (7) 3 Results and discussions
General set of IG-markers in DB1
In sequences (sets) ) ( Table 2 shows the distribution of IG-marker o.c. numbers in analyzed contig regions and all TATAAA motif groups having volume v = 1, 2 and 16. 
Types of TATAAA inclusion into TATAAA motif groups
It follows from equation (7) Table 4 shows the distribution these five types of B inclusion into TATAAA groups (for DB1). For further information on types 2 and 3 see Table 5 .
As mentioned above, the inclusion of TATAAA motif into one or more TATAAA groups is governed by IG-markers. Thus, relations of TATAAA groups arise. As an example, Table 5 shows participation of IG-markers in the relations of TATAAA groups with volume v = 2 and v = 1 if TATAAA motifs with type 2 or 3 inclusion into TATAAA groups take place (see Table 4 ). Table 3 .
These 14 TATAAA motifs form 7 TATAAA groups with volume v = 2. In DB1, these groups represent all groups with volume v = 2 (see Table 4 , Type 2 and 3). Ordinal numbers of groups (from 1 to 7) are shown in Column (1). In any row, a couple of TATAAA represents one group.
Column (4) 
Thus, we may conclude that IG-markers are the flexible tools for forming TATAAA groups and access to them.
To make it clearer, the most detailed information on all IG-markers (and their o.c.'s), that govern the couple of TATAAA motifs in the group No 5 is presented in Table 6 . 5 IG-markers are identifiers for the mentioned TATAAA group. In DNA, every one of these IG-markers is Table 6 . Table 5 q of an IG-marker, the value of the base essentiality (irreplaceability) ) X ( (11)) is presented. The characteristics for each IG-marker are: P  , average value of base essentiality within an IG-marker; r, IG-marker's rank; g, number of internal gaps; l = r + g, IG-marker's length in DNA sequence. (14)). Fig. 1(a) shows the dependency of IG-marker total number on the length s for 1 ≤ s ≤ 12. Fig. 1(b) illustrates the distribution of IG-markers as a function of rank value r.
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At r = 9, a group with maximal IG-markers is present (56.6%, 2697 of 4765). The average r, however, is 8.51: most IG-markers have rank 8 or 9 (91.3%, 4351 of 4765). In fact, the r value varies within the limits 6 ≤ r ≤ 10. In general, the number of bases in an IG-marker cannot be too large: r ≤ r max (in our case r max = 10), due mainly to requirement (11) that every base of an IG-marker must be essential.
Within sequences in which the IG-marker is located there are internal positions (gaps) occupied by bases that do not represent the IG-marker. Examples are presented in Table 6 . Fig. 1(c) shows the distribution of the IG-markers according to number of gaps (g). Only 69 of the 4765 IG-markers have no gaps 
Here r is the rank of the IG-marker, 4 -is the volume of the alphabet A, T, G and C. In formula (18), factor 4 r is absent, as (18) 
Summand 4 s is the volume of combinatorial varieties for DNA fragment of length s. Summand ) (s  is the volume of combinatorial varieties in which IGmarkers have internal gaps and belong to the same DNA fragment of length s. For s = 12 we found that 6 ≤ r ≤ 10 (see Fig. 1(b) ). Considering this and using equation (20) and 5 in Table 5 ).
d) A ТАТАAA motif from one group of TATAAA motifs can be separated from another TATAAA motifs belonging to the same group by a distance of millions bases in DNA (see Table 5 : in the group number 1 the distance between two TATAAA motifs equal 12 885 105 bp; in the group number 4 this distance is 131 490 263 bp).
e) Almost all IG-markers contain internal gaps (see Fig. 1(c) ).
f) The method applied here allows identification of specific IG-markers for any sequence motif on the DNA string.
Our additional data not included into this work, testify to the following:
 There are IG-markers for ТАТААА motifs located in the DNA sequence sites distinct from those investigated here.
 The DNA sequence contains IG-markers not only for TATAAA motifs, but also for other motifs.
 The IG-markers phenomenon is valid for protein sequences as well.
IG-marker hypotheses
The following hypotheses are raised by the observed properties of IG-markers. These hypotheses still require experimental verification, which we believe might be achieved through the use of molecular biology methods such as reporter gene assays and mutational approaches.
